Newly observed two charmed-strange resonances, D * s1 (2860) and D * s3 (2860), are investigated by calculating their Okubo-Zweig-Iizuka allowed strong decays, which shows that they are suitable candidates for the 1 3 D 1 and 1 3 D 3 states in the charmed-strange meson family. Our study also predicts other main decay modes of D * s1 (2860) and D * s3 (2860), which can be accessible at the future experiment. In addition, the decay behaviors of the spin partners of D * s1 (2860) and D * s3 (2860), i.e., 1D(2 − ) and 1D ′ (2 − ), are predicted in this work, which are still missing at present. Experimental search for the missing 1D(2 − ) and 1D ′ (2 − ) charmed-strange mesons is an intriguing and challenging task for further experiment. Before this observation, a charmed-strange state D sJ (2860) was reported by BaBar in the DK channel [3] , where the mass and width are m = 2856.6 ± 1.5 ± 5.0 MeV and Γ = 47 ± 7 ± 10 MeV [3] , respectively, which was later confirmed by BaBar in the D * K channel [4] . The D sJ (2860) has stimulated extensive discussions on its underlying structure. In Ref. [5] , D sJ (2860) is suggested as a 1 2 D 3 cs meson. This explanation was also supported by study of the Regge phenomenology [6] , constituent quark model [8] and mass loaded flux tube model [9] .
was calculated as 0.36 [10] by the effective Lagrangian method. However, the calculation by the QPC model shows that such a ratio is about 0.8 [11] , which is close to the experimental value 1.10 ± 0.15 ± 0.19 [4] . Thus, J P = 3 − assignment to D sJ (2860) is a possible explanation. In addition, D sJ (2860) as a mixture of charmed-strange states was given in Refs. [7, 8, 11] [11] is consistent with the experimental data [4] . Reference [12] indicates that there exist two overlapping resonances (radially excited J P = 0 + and J P = 2 + cs states) at 2.86 GeV. Besides the above explanations under the conventional charmedstrange meson framework, D sJ (2860) was explained as a mu-tiquark exotic state [13] .
Briefly 
where the errors are due to statistical one, experimentally systematic effects and model variations [1, 2], respectively. At present, there are good candidates for the 1S and 1P states in the charmed-strange meson family (see Particle Data Group for more details [14] ). Thus, two newly observed D * s1 (2860) and D * s3 (2860) can be categorized into the 1D charmed-strange states when considering their spin quantum numbers and masses. Before observation of these two resonances, there were several theoretical predictions [15] [16] [17] [18] of the mass spectrum of the 1D charmed-strange meson family, which are collected into Among all properties of these 1D states, their two-body Okubo-Zweig-Iizuka (OZI) allowed strong decays are the most important and typical properties. Hence, in the following we mainly focus on the study of their OZI-allowed strong decays. For the 1D states studied in this work, their allowed decay channels are listed in Table II 
where θ 1D is a mixing angle. Here, we take the conclusion based on the heavy quark limit, which gives the general mixing angle between
• [19] . 
In the following, we apply the quark pair creation (QPC) model [20] [21] [22] [23] [24] [25] [26] to describe the OZI allowed two-body strong decays shown in Table II , where the QPC model was extensively adopted to study the strong decay of hadrons [5, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . In the QPC model, we introduce the transition operation describing creation of quark and antiquark pair from the vacuum, where the details can be found in Refs. [20] [21] [22] [23] [24] [25] [26] . Then, the helicity amplitudes M M J A M J B M J C (K) of the OZI-allowed strong decay channels in Table II are calculated, which is the main task of the whole calculation, where the harmonic oscillator wave function Ψ n,ℓm (k) = R n,ℓ (R, k)Y n,ℓm (k) is adopted to obtain the spatial integral in the transition matrix element. The parameters involved in the QPC model are the R values and the strength γ of the QPC from the vacuum. Here, the parameter R in the hamonic oscillator wave function is obtained by reproducing the realistic root mean square radius. In Table III, we list the R values adopted in our calculation. The strength ofis taken as γ = 6.3 while the strength of ss satisfies γ s = γ/ √ 3 [28] . In addition, the constituent quark masses for charm, up/down, and strange quarks are 1.60 GeV, 0.33 GeV, and 0.55 GeV, respectively [38] . With the above preparation, we obtain the total and partial decay widths of D * s1 (2860), D * s3 (2860) and their spin partners, and comparison with the experimental data [1, 2]. As shown in Table III , the R value of the P-wave charmed-strange meson is about 2.70 GeV −1 . For the D-wave state, the R value is estimated to be around 3.00 GeV −1 [38] . In present calculation, we varies the R value for the D-wave charmed-strange meson from 2.4 to 3.6 GeV −1 . In Fig. 1 Fig. 1 , where the total width is obtained as 128 ∼ 177 MeV corresponding the selected R range, which is consistent with the experimental width of D s1 (2860) (Γ = 159 ± 23 ± 27 ± 72 MeV [1, 2]). The information of the partial decay widths depicted in Fig. 1 several typical ratios, i.e., 
which can be tested in future experiment. 1 D(2 − ) and 1 D ′ (2 − ): In the following, we discuss the decay behaviors of two missing 1D states in the present experiment, which is crucial to the experimental search for the 1D(2 − ) and 1D ′ (2 − ) states. We present the R value dependence of the total and partial decay widths of the two experimentally missing 2 − states in Fig. 2 . Since these two 1D states have not yet been seen in experiment, we take the mass range 2850 ∼ 2950 MeV, which covers the theoretically predicted masses of the 1D(2 − ) and 1D ′ (2 − ) states from different groups listed in Table I , to discuss the decay behaviors of the 1D(2 − ) and 1D ′ (2 − ) states As for the 1D(2 − ) state, the estimated total decay width varies from 90 MeV to 190 MeV, which is due to the uncertainty of the predicted mass of the 1D(2 − ) state and the R value dependence as mentioned above. If the mass of the 1D(2 − ) state can be constrained by future experiment, the uncertainty of the total width for the 1D(2 − ) state can be reduced. In any case, our study indicates that the 1D(2 − ) state has a broad width.
Additionally, as shown in Fig. 2 We also obtain two typical ratios, i.e.,
which can be accessible at experiment. the above information, two typical ratios are listed as below In summary, the observed D s1 (2860) and D s3 (2860) provide us a good opportunity to establish higher states in the charmed-strange meson family. The following experimental and theoretical efforts are still necessary to reveal the underlying properties of D s1 (2860) and D s3 (2860). Furthermore, it is a challenging research topic for future experiment to hunt the two predicted missing 1D charmed-strange mesons with J P = 2 − .
